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Devices	  /	  Techniques	  
•  CommonaliXes	  
–  All	  require	  knowing	  opXcs	  funcXons	  (βx,y, βγ,	  Dx,y)	  
–  All	  (most)	  assume	  Gaussian	  distribuXons	  
–  All	  require	  doing	  some	  kind	  of	  fi]ng	  (to	  a	  Gaussian	  or	  
parabola)	  

–  All	  require	  amplificaXon	  and	  have	  known	  dynamic	  ranges	  
(varies	  depending	  on	  system)	  

•  Fi]ngs	  
–  Generally,	  fi]ngs	  weight	  on	  central	  distribuXon	  
–  All	  use	  Levenberg-‐Marquardt	  nonlinear	  least	  squares	  
algorithm,	  but	  different	  implementaXons	  

–  SomeXmes	  use	  background	  subtracXons	  	  
– Most	  use	  single	  channel	  gain/offset	  correcXons	  (although	  
how	  determined	  depends	  on	  the	  system)	  

–  Dynamic	  range	  tests	  someXmes,	  but	  very	  simple	  
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General	  ObservaXons/Comments	  
1.  We	  have	  the	  observaXon	  that	  Emi,ance	  grows	  

through	  the	  accelerator	  chain,	  however	  …	  what	  is	  
really	  going	  on?	  (quanXtaXvely)	  

2.  No	  Consistent	  measurement	  context	  
1.  Dispersion	  terms	  rouXnely	  not	  subtracted	  out	  
2.  No	  error	  bars	  displayed	  
3.  BetafuncXons	  not	  sourced	  consistently	  (e.g.,	  AGS	  

polarimeter	  values	  are	  hardcoded	  in)	  
4.  Not	  transformed	  into	  “Lumi-‐equivalent”	  emi,ance	  	  	  	  	  	  	  	  

(defined	  on	  next	  slide)	  
3.  No	  regular	  performance	  record	  kept	  

1.  E.G.,	  Weekly/daily	  emi,ance	  during	  the	  run	  
2.  Emi,ance	  from	  ion	  source	  to	  collisions	  per	  store?	  

4.  Each	  technique/instrument	  contains	  different	  
physics	  (should	  be	  a	  good	  thing)	  
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Emi,ance	  from	  Luminosity	  
•  Emi,ance	  from	  Luminosity	  is	  derived	  from	  

– Where	  
•  σx	  and	  σy	  are	  beam	  size	  
•  A	  is	  the	  hour-‐glass	  factor	  =	  	  f(σz	  /	  β*	  )	  
•  Nc	  is	  the	  number	  of	  collisions	  
•  IB	  and	  Iy	  are	  the	  average	  bunch	  intensiXes	  
•  L	  is	  the	  measured	  luminosity	  
•  Note:	  actual	  <ε>	  	  value	  depends	  on	  γ	  and	  β*	  values,	  adding	  
to	  total	  uncertainty	  

•  “Lumi-‐Equivalent”	  emi,ance	  =	  what	  to	  expect	  from	  
IPM	  measured	  values.	  

< ! >! 4" (# x# y ) = AfrevNcIBIY / L

<!!"# >=
!
"

#!! +!" !#"!! +!" !$
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ObservaXons/Comments	  
•  Uncertainty	  in	  β*	  applies	  twice	  (from	  hour	  glass	  factor	  and	  from	  

beam	  size	  to	  emi,ance	  conversion).	  	  
•  Uncertainty	  in	  Luminosity	  largely	  comes	  from	  uncertainty	  in	  

measurement	  (staXsXcal)	  
•  Uncertainty	  in	  average	  beam	  intensity	  can	  be	  as	  much	  as	  2-‐4%	  

(and	  counted	  twice)	  	  
•  RelaXve	  moXon	  of	  the	  two	  beams	  is	  not	  factored	  into	  the	  

emi,ance	  (although	  10Hz	  feedback	  should	  have	  improved	  this	  
effect	  –	  On	  since	  January	  25th)	  

•  Single	  bunch	  intensiXes	  are	  assumed	  to	  be	  about	  the	  same.	  
•  AddiXonal	  Uncertainty	  comes	  from	  s*,	  which	  is	  assumed	  0	  (note:	  

This	  is	  like	  β*	  being	  assumed	  smaller	  than	  it	  really	  is)	  
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Comments	  on	  the	  Data	  
•  All	  Lumi	  emi,ances	  are	  at	  beginning	  of	  Store.	  
•  All	  RHIC	  IPM	  emi,ances	  are	  at	  beginning	  of	  Store.	  
•  All	  AGS	  IPM	  emi,ances	  are	  5	  sample	  average	  just	  
before	  beam	  is	  extracted	  from	  AGS	  (so	  with	  RF	  On).	  
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Emi,ance	  from	  Luminosity	  

RelaXve	  Run	  number	  (1	  =	  first	  store	  for	  that	  run)	  

Run	  11:	  AGS	  Jump	  quads	  
operaXonal	  
(no	  apparent	  effect	  on	  
store	  emi,ance)	  

500	  GeV	  (Run	  9)	  
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Intensity	  EvoluXon:	  runs	  9	  &	  11	  

RelaXve	  Run	  number	  (1	  =	  first	  store	  for	  that	  run)	  

500	  GeV	  (Run	  9)	  
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19	  

22.6	  21.8	  

19.6	  

Looking	  only	  at	  500	  GeV	  data	  
Emi,ance	  vs	  Intensity:	  runs	  9	  &	  11	  
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ObservaXons	  from	  Luminosity	  Emi,ance	  
•  Suggests	  emi,ances	  are	  larger	  than	  RHIC	  IPM	  reported	  
(discussed	  in	  next	  secXon).	  

•  the	  best	  stores	  in	  Run-‐9	  have	  about	  18	  π	  mm-‐mrad,	  
•  the	  best	  stores	  in	  Run-‐11	  have	  about	  24	  π	  mm-‐mrad	  
(measured	  with	  the	  same	  method).	  "Best"	  is	  defined	  as	  
giving	  the	  best	  integrated	  luminosity’s	  

•  Run-‐9	  emi,ance	  was	  growing	  during	  store	  (next	  slides)	  
•  Run-‐11	  emi,ance	  was	  not	  growing	  during	  store.	  	  
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RHIC	  IPM	  
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Run	  9,	  store	  #	  10531	  
84	  x	  1030	  cm-‐2	  sec-‐1	  
56	  x	  1030	  cm-‐2	  sec-‐1	  ave.	  
1922	  nb-‐1	  integrated	  

7/20/11	   RHIC	  Retreat	  2011	   13	  



	  19	  π	  mm-‐mrad	  per	  Luminosity	  	  
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Run	  11,	  store	  #	  15408	  
142.5	  x	  1030	  cm-‐2	  sec-‐1	  
89	  x	  1030	  cm-‐2	  sec-‐1	  ave.	  
3095	  	  nb-‐1	  integrated	  
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	  22	  π	  mm-‐mrad	  per	  Luminosity	  	  	  	  
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In	  RHIC	  IPM?	  InteresXng	  behavior.	  	  On	  down	  ramp	  CNI	  target	  is	  in.	  

Beam	  posiXon	  changing	  in	  IPM	  ?	  
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Comparison	  between	  IPM	  and	  Lumi	  Emi,ances	  

FY	  11	  pp	  Run	  number	  
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RHIC	  IPM	  2011	  
We	  did	  calibraXon	  beam	  scans	  on	  all	  RHIC	  IPMs.	  	  All	  IPMs	  are	  the	  same	  design	  and	  they	  have	  been	  in	  RHIC	  
for	  three	  different	  lengths	  of	  Xme.	  	  We	  thus	  were	  able	  to	  get	  a	  measurement	  of	  the	  aging	  rate	  of	  the	  MCPs.	  

The	  aging	  rate	  is	  linear	  with	  Xme.	  	  The	  aging	  pa,ern	  is	  Gaussian	  with	  the	  center	  losing	  about	  12%	  of	  the	  
original	  gain/year.	  
	  
A	  gain	  correcXon	  table	  was	  generated	  for	  each	  IPM	  and	  implemented	  in	  the	  IPM	  manager.	  	  

MEASUREMENT	  ACCURACY	  
	  
The	  new	  IPM	  design	  greatly	  reduces	  rf	  coupling	  to	  the	  beam.	  	  The	  sca,er	  in	  repeated	  measurements	  of	  the	  
beam	  width	  (σ)	  of	  gold	  beams	  is	  ±1%	  for	  BH,	  YH,	  	  and	  YV.	  	  Blue	  verXcal	  is	  an	  older	  design	  and	  the	  shot-‐to-‐shot	  
sca,er	  is	  ±3%.	  	  The	  ±1%	  sca,er	  is	  near	  the	  staXsXcal	  limit	  of	  the	  measurement.	  	  Combined	  with	  the	  resoluXon	  
limit	  of	  the	  detectors,	  the	  esXmated	  uncertainty	  in	  σ	  on	  each	  measurement	  is	  ±2%.	  
	  
The	  error	  in	  the	  calculated	  emi,ance	  value	  depends	  on	  the	  uncertainty	  of	  the	  model	  β	  funcXon.	  	  From	  opXcs	  
tables	  supplied	  by	  Mei	  Bai	  the	  measured	  β	  funcXons	  at	  the	  IPMs	  vary	  from	  the	  model	  β	  funcXons	  by	  an	  average	  
of	  16%.	  	  This	  indicates	  the	  IPM	  emi,ance	  error	  is	  ±16%.	  	  	  
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Adding	  moXon	  control	  to	  IPM	  chambers,	  a	  proposal	  
	  

With	  frequent	  scans	  we	  can	  maintain	  completely	  flat	  detector	  responses	  over	  five	  or	  more	  
years.	  	  We	  should	  consider	  adding	  moXon	  control	  to	  the	  detector	  chambers.	  
	  
Doing	  calibraXon	  scans	  by	  moving	  the	  beam	  has	  several	  drawbacks:	  
	  	  

	  It	  requires	  dedicated	  beam	  Xme.	  
	  The	  process	  is	  slow.	  	  AutomaXng	  the	  process	  would	  make	  it	  faster.	  
	  The	  beam	  angle	  through	  the	  detector	  changes	  during	  the	  scan.	  
	  We	  have	  to	  monitor	  for	  beam	  loss	  and	  we	  cannot	  access	  the	  full	  IPM	  aperture	   	  
	  because	  of	  beam	  loss	  and	  steering	  magnet	  limitaXons.	  	  

	  
Moving	  the	  IPM	  vacuum	  chamber	  would	  give	  us	  several	  benefits:	  
	  

	  Unlimited	  access	  to	  calibraXon	  with	  an	  ideal	  source	  	  	  
	  Access	  to	  the	  full	  IPM	  measurement	  aperture	  
	  Scans	  over	  the	  full	  aperture	  with	  step	  sizes	  equal	  to	  the	  channel	  separaXon	  
	  With	  a	  completely	  flat	  detector	  response,	  we	  can	  move	  the	  chamber	  in	  a	  regular	   	  
	  pa,ern	  to	  distribute	  the	  beam	  wear	  on	  the	  MCP	  over	  a	  larger	  area.	  	  We	  can	  take	  out	  

the	  chamber	  posiXon	  when	  displaying	  the	  profiles.	  	  	  
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AGS	  IPM	  
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14	  cm	  

Detector	  Rods	  
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RF	  ON,	  BEAM	  
BUNCHED	  
1.25e11	  protons	  
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RF	  OFF,	  BEAM	  DE-‐
BUNCHED	  
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For	  Example:	  emi,ance	  doesn’t	  really	  grow	  in	  the	  AGS	  
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σmeasured	  =	  σreal	  +	  σsc	  
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Comparison	  between	  AGS	  IPM	  and	  Lumi	  Emi,ances	  

Note:	  AGS	  IPM	  with	  RF	  ON,	  So	  Real	  Emi,ance	  is	  smaller	  –	  see	  next.	  

FY	  11	  pp	  Run	  number	  
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AGS	  IPM	  Emi,ances	  with	  SC	  CorrecXon	  
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Comparisons	  
(now	  work	  in	  Lumi-‐equivalent)	  
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IPM	  Lumi-‐Equiv.	  Emi,ances	  &	  Lumi	  Emi,ance	  
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IPM	  Emi,ances	  vs	  Lumi	  Emi,ance:	  All	  Data	  
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IPM	  Emi,ances	  vs	  Lumi	  Emi,ance:	  Below	  Average	  
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Slope	  ~	  0.35	  
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IPM	  Emi,ance	  &	  Lumi	  Emi,ance:	  Run9	  &	  Run11	  
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AGS	  IPM	  Emi,ance	  vs	  Lumi	  Emi,ance:	  Run9	  &	  Run11	  
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AGS	  IPM	  Emi,ance	  vs	  Lumi	  Emi,ance:	  Run9	  &	  Run11	  
With	  Run11	  above	  average	  only	  points.	  
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Emi,ances	  vs	  AGS	  Intensity:	  Run9	  &	  Run11	  

AGS	  Late	  Int.	  (x108	  p/cycle)	  
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BtA	  Profile	  Monitors	  
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BtA	  Emi,ance:	  Run9	  &	  Run11	  
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CNI	  Target	  Scans	  
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April 18, 2011, Vertical emittance at 24GeV 

VerXcal	  emi,ance-‐12pi	  
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April 18, 2011, Yellow vert. single bunch emittance 

Vert.-‐11pi	  
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SUMMARY, Run 9 

•  Small emittances out of linac.   V-5pi, H-5 pi. 
•  Small emittances with 300 us linac pulse and about 50% 

scraping in Booster in BTA.       V-6 pi. H- 8pi. 
•  Smaller beam emittances out of AGS and at injection to 

RHIC. 
•  ATR flags:                               V - 8pi,   H - 12 pi 
•  CNI                                         V -11pi,  H - 12.6 pi 
•  No emittance growth during energy ramp in RHIC. 
•  Small emittance growth during the store.  
     After 9 hrs at store:                V – 15 pi, H – 13pi. 

•  Vernier scan ~ 16 pi, very small growth during the store 
time. 
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Conclusions	  
•  For	  all	  emi,ance	  devices,	  truth	  is	  elusive.	  
•  Run11	  emi,ances	  were	  larger	  than	  in	  Run9,	  in	  all	  

measurements.	  
•  All	  emi,ance	  devices	  need	  to	  take	  a	  consistent	  approach	  

–  Subtract	  dispersion	  terms	  
–  Include	  error	  bars	  
–  Generate	  Lumi	  equivalent	  values	  
–  Use	  data	  quality	  checks!	  (e.g.,	  check	  on	  dynamic	  range)	  

•  Emi,ances	  need	  to	  be	  kept	  in	  a	  summary	  record	  (e.g.,	  along	  
with	  luminosity	  in	  spreadsheets	  would	  be	  excellent)	  

•  We	  need	  a	  device	  in	  the	  AGS	  that	  is	  not	  space	  charge	  
sensiXve.	  {okay,	  we	  should	  get	  SC	  into	  the	  exisXng	  one}	  

•  CNI	  targets	  show	  great	  promise	  as	  emi,ance	  monitors	  
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